The contribution of the exocrine pancreas to hyperamylasemiaindiabeticketoacidosis was investigated by measuring total amylase,salivaryand pancreaticisoamylases,cathodic trypsin-like immunoreactivity,and pancreatic lipase in 12 consecutivepatients recovenngfrom diabetic ketoacidosis. Hyperamylasemiawas present in six of the patients [50%; expected incidence:21.1-78.9% (95% confidencelimits)]-in five with simultaneouslyincreased activitiesof all three specificpancreaticenzymes, and in one with only increased salivary isoamylase. The serum concentrationof hypoxanthine-an indicatorof the cellularenergy state-was above normalin all patientsat admission.We found no differences inconcentrationsof hypoxanthinein serumof patientswithor without hyperamylasemiaor in patients with or without increases in the specific pancreatic enzymes. In none of the patients was the clinical course or the time-concentration curves of the pancreatic enzymes consistent with acute pancreatitis. The pathogenic mechanism leading to hyperamylasemia in diabetic ketoacidosisremains uncertain.
Hyperamylasemia
has been reported in 41% to 80% of patients during recovery from diabetic ketoacidosis ( Table  1) . In three of these reports the concentrations of isoamylases were measured, and in only 14% to 50% of the patients was hyperamylasemia caused by increases in pancreatic isoamylase activity (6) (7) (8) . This suggests that the exocrine pancreas plays only a minor role in the hyperamylasemia found during diabetic ketoacidosis. Now that methods exist for measuring specific pancreatic enzymes by their antigenic properties and not by their activity in serum (9, 10), we have measured cathodic trypsin-like immunoreactivity, pancreatic lipase, and pancreatic isoamylase in patients recovering from diabetic ketoacidosis-using these new methods to reassess the contribution to hyperamylasemia by the exocrine pancreas. In an attempt further to elucidate the pathogenic mechanisms of hyperamylasemia in these patients, we have also measured the serum concentration of hypoxanthine, a purine base the presence of which is correlated inversely to the status of intracellular energy (11-13).
Patients and Methods
Twelve patients, three women and nine men, admitted consecutively to hospital with diabetic ketoacidosis, were investigatedfrom admission to full recovery. Reference intervals. Reference intervals for total ainylase and all three specific pancreatic enzymes were established in 60 healthy subjects (median age 35 years, range 21-64) and in 50 nonketotic insulin-dependent diabetics (median age 31 years, range 18-50 years). We used a method described by Massod (17) and report the respective upper limits of these reference intervals for healthy subjects and for nonketotic diabetics in Figures 1-3 . The reference interval for hypoxanthine in both healthy subjects and insulindependent diabetics was 0-8 mol/L.
Statistical methods.
We used nonparametric methods, comparing two groups by the Mann-Whitney test. For
analysis of variance in a variable over time we used
Friedman's test as modified by Conover (18) for pairwise comparison if an overall difference was found. The Spearman rank correlation coefficient (p) was used to measure the association between two variables. The 95% confidence limits for a given proportion were calculated from tables and formulas (19) on the assumption of a binomial distribution. A 5% (two-tailed) level of statistical significance was used. within the first 24 h and on day 2 for total serum amylase.
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The hyperamylasemia was due to increased salivary isoainylase in one patient and to increased pancreatic isoanly-
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lase in five patients. 0.80-1.55 Figure 2 shows the changes in pancreatic isoamylase, 
Concentrations of serum phosphate at 8 and 12 h after admission
were lower in patients with increased pancreatic enzymes than in patients with normal enzyme activities (p <0.01, Mann-Whitney test). However, in only one patient (who had normal enzyme concentrations) was there a statistically significant correlation (Spearman's p) between serum phosphate and any of the three specific pancreatic enzymes or total amylase. Figure 3 shows the changes of concentrations of hypoxanthine in serum during recovery from diabetic ketoacidosis.
In all patients this analyte was increased at admission and gradually decreased during recovery (p <0.01, Friedman test). We found no difference between the two groups with respect to the hypoxanthine concentration.
DIscussion
In this study we found hyperamylasemia in six of 12 patients recovering from diabetic ketoacidosis. Five had 100- Our results suggest that the exocrine pancreas is a major contributor to the increased amylase activity in serum of patients recovering from diabetic ketoacidosis. However, some patients may show normal concentrations of specific pancreatic enzymes with a simultaneous increase of salivary isoamylase.The part played by the exocrinepancreas with respect to hyperamylasemia seems to be larger in our study than reported by others (6) (7) (8) 20) .
Decreases in inorganic phosphate in plasma during therapy with insulin have previously been correlated to hyperamylasemia in diabetic ketoacidosis (7, 8 One could argue that the increase of specific pancreatic 0 enzymes in our patients was caused by acute pancreatitis, the only adequate diagnostic "gold standard" for which is pathoanatomical examination of pancreatic tissue. Because none of our patients died or underwent abdominal surgery, we had to rely on the clinical course as a diagnostic key. In acute pancreatitis the serum concentrations of cathodic trypsin-like immunoreactivity, pancreatic lipase, and pancreatic isoamylase are increased for a more prolonged period (several days) (21-24) than we saw in our patients; thus, it seems unlikely that any of our patients had acute pancreatitis. In conclusion, 50% of our patients recovering from diabetic ketoacidosis had hyperamylasemia and 42% had increased activities of specific pancreatic enzymes. None had a clinical course compatible with acute pancreatitis. The pathogenic mechanism leading to increased concentrations of pancreatic enzymes in the serum of these patients remains obscure.
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